In this work, a large-eddy simulation (LES) approach based on relaxation filtering, validated for free shear flows in a number of previous studies, is applied to turbulent channel flows in order to assess its validity for wall-bounded flows. For this, simulations are performed using different grids, and for various Reynolds numbers. The reliability of the LES results is estimated based on both a priori and a posteriori analyses. In a first step, a channel flow at a friction Reynolds number Reτ of 300 is computed using grids with increasing resolution. For mesh spacings equal to and lower than ∆x + = 30, ∆y + = 1 at the wall and ∆z + = 10 in the streamwise, wall-normal and spanwise directions, respectively, the mean and fluctuating velocity profiles appear not to change significantly. For all grids including the coarsest ones, the large near-wall turbulent structures, whose typical size are given by integral length scales and by dominant components in velocity spectra, are found to be well discretized. However, the examination of the transfer functions in the wavenumber space of the dissipation mechanisms, namely molecular viscosity and relaxation filtering, shows that a mesh spacing ∆x + ≤ 30 is for instance necessary to ensure the physical relevance of the LES solutions, which is in agreement with the findings of the grid-convergence study. In a second step, channel flows at friction Reynolds numbers of 350, 600 and 960 are simulated. The results are very similar to reference data from the literature. Furthermore, the Reynolds number effects in channel flows are well reproduced using the present LES approach.
In this work, a large-eddy simulation (LES) approach based on relaxation filtering, validated for free shear flows in a number of previous studies, is applied to turbulent channel flows in order to assess its validity for wall-bounded flows. For this, simulations are performed using different grids, and for various Reynolds numbers. The reliability of the LES results is estimated based on both a priori and a posteriori analyses. In a first step, a channel flow at a friction Reynolds number Reτ of 300 is computed using grids with increasing resolution. For mesh spacings equal to and lower than ∆x + = 30, ∆y + = 1 at the wall and ∆z + = 10 in the streamwise, wall-normal and spanwise directions, respectively, the mean and fluctuating velocity profiles appear not to change significantly. For all grids including the coarsest ones, the large near-wall turbulent structures, whose typical size are given by integral length scales and by dominant components in velocity spectra, are found to be well discretized. However, the examination of the transfer functions in the wavenumber space of the dissipation mechanisms, namely molecular viscosity and relaxation filtering, shows that a mesh spacing ∆x + ≤ 30 is for instance necessary to ensure the physical relevance of the LES solutions, which is in agreement with the findings of the grid-convergence study. In a second step, channel flows at friction Reynolds numbers of 350, 600 and 960 are simulated. The results are very similar to reference data from the literature. Furthermore, the Reynolds number effects in channel flows are well reproduced using the present LES approach.
I. Introduction
Over the last two decades, computational fluid dynamics has become an efficient tool for the study of wall turbulence. In particular, wall-bounded flows at increasing Reynolds number have been simulated, in order to take into account the effects of the Reynolds number on flow statistics and coherent structures, which are subject to important discussions. 1 The dynamics of wall turbulence is strongly influenced by the dynamics of the small scales developing close to the wall, which exhibit strong anisotropy and complex interactions with larger scales. Thus, to properly catch the features of wall-bounded flows, simulations must accurately calculate these small scales. Therefore, most of numerical studies on wall turbulence consist in Direct Numerical Simulation (DNS) of channel flows [2] [3] [4] [5] [6] [7] [8] and boundary layers. [9] [10] [11] [12] [13] However, as the Reynolds number increases, the computational cost of a DNS becomes rapidly prohibitive. To illustrate this, we can note that twenty years have elapsed between the DNS of channel flows by Kim et al. 2 and Hoyas et al., 5 in which the Reynolds numbers differ by one decade only.
In order to reduce the computational cost, Large Eddy Simulations (LES), in which only the larger eddies are resolved, while the effects of the small eddies are modelled, can be used. Classical turbulence models however rely on the assumption that the large scales carry energy, while the small scales have mainly dissipative effects.
14 Since this assumption is not true in the inner part of boundary layers, some LES are performed by resolving the outer part of the wall-bounded flows only, while the inner part is modelled. 15 Very high Reynolds numbers can thus be reached, 16 but the near-wall structures are not reproduced and cannot be studied using this approach. Contrary to wall-modelled LES, wall-resolved LES compute both the outer and inner parts of the flow, at the expense of the computational cost. Accordingly, the range of Reynolds numbers of wall-resolved LES is much smaller, and falls within the range of DNS. [17] [18] [19] [20] A significant reduction of the computational cost is however possible. The LES of a boundary layer performed by Schlatter et al., 20 for instance, allowed a reduction of the number of grid points by a factor of 10 with respect to a DNS.
In a wall-resolved LES, various numerical parameters such as the boundary conditions, the grid resolution, the subgrid-scale model and the discretization methods can affect the calculation of near-wall scales. A validation of the simulation method is thus necessary. Such validation should be carried out even for DNS.
Schlatter &Örlü
13 has for example reviewed data from several DNS of boundary layers, and pointed out some discrepancies on basic integral quantities and on flow statistics. They showed in particular that flow features are strongly influenced by inflow conditions and turbulence tripping. 21 Such difficulties do not exist in the channel flow case. Indeed, since the turbulence is homogeneous in the streamwise direction, periodic conditions are imposed such that no inflow condition is needed. This flow case can therefore be interesting for the assessment of LES methodology. For example, Rasam et al. 22 studied the effect of subgrid-scale model and grid resolution of LES in this way. Similarly, Vuorinen et al. 23 performed an LES of a channel flow as a test case for a space discretization method.
In this work, the main objective is to investigate the accuracy of an LES approach for a channel flow case. This approach is based on a relaxation filter which takes into account the dissipative effects of the subgrid scales and leave the larger scales nearly unaffected. 24 It has been previously used in several studies of jet flows [25] [26] [27] [28] [29] as well as for a flow around an airfoil 30 or for a turbulent boundary layer. 19 Here, the capacity of LES to properly reproduce the specific mechanisms of wall turbulence is examined by performing a grid convergence study. In particular, our attention will be focused on the near wall region, where the small scales play an important role on the dynamics of the flow. Another objective of the present work is to check the capacity of the LES to reproduce Reynolds number effects. To this end, the effects on the resolved scales of the different dissipation mechanisms, namely the molecular viscosity and the relaxation filter, will be compared. It is indeed mandatory to verify that the dissipation introduced by the subgrid-scale model does not artificially decreases the Reynolds number, as mentioned by Bogey & Bailly. [26] [27] [28] The LES can then be used to study Reynolds effects, as made by Bogey & Bailly 29 for jet flows. Here, Reynolds number effects on channel flow are investigated by performing Large-Eddy simulations at three different Reynoldls numbers.
The paper is organized as follows. The validation of the LES method on a channel flow case is presented in section II, including a mesh convergence study, and a discussion about the dissipation mechanisms. A study of the Reynolds number effects on velocity statistics based on the results of several LES is then carried out in section III. Finally, concluding remarks are given in section IV.
II. Influence of grid resolution

II.A. Parameters
A three-dimensional turbulent channel flow at a Reynolds number Re τ = u τ h/ν = 300 and a Mach number of M = U 0 /c = 0.4, where U 0 is the centerline velocity, c is the speed of sound, h is the channel half-width, u τ = τ w /ρ is the friction velocity, τ w is the wall shear stress, and ν and ρ are respectively the kinematic viscosity and the density of the flow, is considered. In what follows, the streamwise, wallnormal and spanwise coordinates are denoted by x, y and z, respectively, and the corresponding velocity components are referred to as u, v, and w. The walls are located at y = 0 and y = 2h. Large-eddy simulations of the channel flow are performed by solving the compressible Navier-Stokes equations on Cartesian meshes. For each of them, the mesh spacings in the streamwise and spanwise directions, namely ∆x and ∆z, are constant. In the y direction, the mesh spacing is stretched from the wall with an expansion rate r. The mesh space at the wall and at the center of the channel are given by ∆y w and ∆y c , respectively. The sizes of the computational box in the streamwise, wall-normal and spanwise directions are L x = 12h, L y = 2h and L z = 6h. The spatial derivatives are computed using an explicit 4th-order 11-point finite-difference scheme.
31 Periodic boundary conditions are implemented in the x and z directions. In the y direction, a no-slip condition is imposed at the wall. Time integration is performed with an explicit fourth-order six-step Runge Kutta scheme. 32 An explicit 6th-order 11-point selective filter 24 is used for the relaxation filtering, and remove spurious grid-to-grid oscillations.
II.B. Grid convergence of velocity profiles
A grid-convergence study is carried out by performing simulations on fourteen Cartesian grids, characterized by the mesh spacing given in table 1 in wall units. The mesh convergence is investigated in the y direction using different grids in which the mesh spacing at the wall in the y direction decreases from ∆y + w = 3.5 down to 0.47, while it is set constant at the center of the channel, with ∆y 20 are also given in table 1 for the comparison. Since the dimensions of the domain are constant, the number of mesh points in the different grids varies, yielding 87 ≤ n x ≤ 257, 85 ≤ n y ≤ 161 and 129 ≤ n z ≤ 385. For each grid, a time step ∆t is chosen such that CFL y = c∆t/∆y w ≈ 0.8, ensuring the stability of time integration. 
II.C. Effects on turbulence properties
As mentioned in the introduction, the LES of a wall-bounded flow must accurately compute the turbulent structures developping close to the wall. This is verified here for the grids used in the mesh-convergence study. More precisel, we focus our attention on the buffer layer, by calculating some characteristic length scales at a distance y + = 16 corresponding roughly to the location of the peak of the rms streamwise velocity. By comparing these length scales to the mesh spacings ∆x and ∆z, the quality of discretization of the turbulent structures can be estimated. 
II.C.1. Integral length scales
A first estimation of the size of the turbulent structures, integral length scales, are calculated from the results obtained with one of the grid-converged LES presented above, namely the simulation carried out using ∆x + = 15, ∆z + = 5 and ∆y + w = 0.95. The integral length scales in the streamwise and spanwise directions are given respectively by :
where
is the correlation coefficient of the streamwise velocity taken at the wall distance y + 0 = 16. The overbar denotes averaging over time and over all the positions (x 0 , z 0 ) because turbulence is homogeneous in the x and z directions. The variations of R uu (x, 0) and R uu (0, z) are represented in the figure 4 as a function of separation distances normalized by wall units. As expected, in the two directions, the correlations coefficients tends to 0 as the separation distance increases. Furthermore, R uu (0, z) is seen to decrease faster than R uu (x, 0), and presents a negative hump between z + = 40 and 200. By integrating these curves, we obtain integral length scales L 
The quality of the discretization of turbulent structures is estimated from the ratios of the integral length scales with respect to the corresponding mesh spacings. These ratios are reported in table 2 for different values of ∆x + and ∆z + . In the streamwise direction, the length scale
uu is discretized by more than 4.6 points for all values of ∆x + . On the contrary, in the spanwise direction, the integral length scale L (z) uu is discretized by less than 4 points for every value of ∆z + . The discretization becomes even lower than 2 points per integral length scale for ∆z + > 10. Considering that wavelengths shorter than about 4 points per wavelength are damped by the relaxation filter, it seems that for all the simulations presented in section II.B, the turbulent structures in the buffer layer are well resolved in the streamwise direction, but might be under resolved in the spanwise direction. However, the integral length scale is a rough measure of the size of the turbulent structures, and a further analysis is necessary.
II.C.2. Spanwise velocity spectra
A more reliable estimation of the size of the turbulent structures can be obtained from the power spectral density of velocity fluctuations. The spanwise spectra φ uu (k z ) of the streamwise velocity fluctuations are figure 5 as a function of the spanwise wavenumber k z , normalized by wall units. The axes are in logarithmic scales. The spectra look similar. They slightly increase with wavenumeber in the low-wavenumber region, reach a maximum around k max z + = 0.038, indicated by a vertical grey line, and then decrease. In the high wavenumber region, the different spectra exhibit a sudden collapse at wavenumbers k + z = 0.07, 0.1 and 0.15 for the simulations performed with ∆z + = 15, 10 and 7.5, respectively. In all cases, the corresponding wavelengths λ z = 2π/k z are discretized by approximately λ z /∆z = 6 points. The observed sharp decreases are thus due to the relaxation filtering, which damps wavelengths shorter than about 4∆z. Although high-wavenumber components are significantly affected by the spectral truncation, the most energetic scales are found at λ 
II.D. Dissipation transfer functions
In the present LES approach, dissipation is provided by the molecular viscosity, as well as by the relaxation filter. If the latter induces more dissipation than the former at larger scales, the effective Reynolds number of the simulation might be lower than the expected value. The magnitude of the two dissipation mechanisms can be compared in the wavenumber space, as proposed by Bogey et al . 28 The transfer function associated with molecular viscosity is given by ν(k∆) 2 /∆ 2 , where k∆ is the normalized wavenumber, and ∆ is an arbitrary mesh spacing. The transfer function associated with relaxation filtering is then σD * (k∆)/∆t, where D * (k∆) is the damping factor of the filter, and σ is the filtering strength.
The transfer functions are calculated here for the simulations performed in section II.B with the grids where ∆z + = 7.5 and ∆y w = 0.95 are fixed, and ∆x + varies between 15 and 45. The time step used in the simulations is defined by ∆t = 0.8∆y w /c. Concerning the relaxation filter, the 11-points 6th-order explicit filter of Bogey 24 is applied every time iteration with a strength σ = 1. The transfer functions obtained for these parameters are represented in figure 6 as a function of the normalized wavenumber k∆, using axes in logarithmic scales. Since the transfer function associated with molecular viscosity depends on the mesh spacing, four curves are noted for ∆ + = 7.5, 15, 30 and 45. The first curve provides the dissipation in the spanwise direction, where ∆z + = 7.5, while the other three curves provide the dissipation in the streamwise direction for the three different value of the mesh spacing ∆x + = 15, 30 and 45. For ∆ + = 7.5, the dissipation transfer function associated with molecular viscosity is higher than that associated with relaxation filtering for k∆ < 1.1, and lower for k∆ > 1.1. This means that wavelengths discretized by more than λ/∆ = 2π/1.1 = 5.7 points are mainly dissipated by molecular viscosity, while shorter wavelengths are damped by the relaxation filtering. A similar behavior is noticed for ∆ + = 15, where the two transfer functions intersect at k∆ = 1.0, corresponding to wavelength discretized by λ/∆ = 6.3 points. Thus, in the LES using ∆x + = 15 and ∆z + = 7.5, the dynamics of most of the turbulent scales is driven by viscous dissipation, while the filter affects only the structures with relatively small extent in the streamwise and spanwise directions.
For ∆ + = 30, the dissipation by molecular viscosity is now more stronger than the filtering dissipation for k∆ < 0.48. For higher wavenumbers, they are of the same order of magnitude, and finally the filtering dissipation becomes dominant for k∆ > 0.95. This means that in the LES performed with ∆x + = 30, the filtering significantly affects the structures whose streamwise extent is up to λ/∆x = 2π/0.48 = 13 mesh points. Similarly, for ∆ + = 45, the viscous dissipation level is higher than the filtering dissipation for k∆ < 0.35, and lower for k∆ > 0.35. The streamwise extent of the structures affected by the filter is in this case up to λ/∆x = 18 mesh points. Hence, in the two LES performed with ∆x + = 30 and 45, the relaxation filter damps an important part of the turbulent scales.
These results show that, using highly selective filter and a sufficiently fine grid, the dynamics of the resolved scale is governed by physical mechanism associated with molecular viscosity, and not by artifical damping due to the filtering. This might be not the case for the LES performed with ∆x + = 30 and 45, where the streamwise mesh spacing are too coarse. Therefore, the effective Reynolds number is likely not to be decreased only in the former cases. Time integration parameters are collected in the table 5. The time integration of the Re350 simulation is performed using a fourth-order six-step explicit Runge Kutta scheme. 32 The CFL number at the wall in the wall normal direction CFL y = c∆t/∆y w , where ∆t is the time step, is 0.8. For the Re600 and Re960 cases, in order to reduce the computational time, a third-order six-step semi-implicit Runge Kutta scheme is used. A detailled description of this scheme can be found in a previous paper. 33 The CFL number in the spanwise direction CFL z = c∆t/∆z is equal to 1.0, yielding a CFL number at the wall of CFL y = 11. The physical duration of the simulations is T tot U 0 /h = 490, 203 and 165, and the number of time iterations is n it = 480000, 24000 and 35000 for the Re350, Re600 and Re960 computations, respectively.
III. Effects of the Reynolds number
The numerical methods used for spatial discretization and filtering are the same as those described in section II. Spatial derivatives are approximated using a 4th-order 11-point finite-difference scheme. 31 The effects of the subgrid scales are taken into account by applying a relaxation filtering at every iteration. A 6th-order 11-point explicit selective filter 24 is implemented with a filtering strengh σ = 0.99. 
III.B. Dissipation transfer functions
Since the aim of the present study is to investigate the possibility of studying Reynolds number effects with an LES, strength of the dissipative mechanisms governing the dynamics of the flow must be evaluated in the same way as in section II.D, in order to ensure that the effective Reynolds number is not diminished artificially. The dissipation transfer functions associated with molecular viscosity and with relaxation filtering are thus computed for each simulation. The transfer functions are here computed in the streamwise direction, yielding ν(k x ∆x) 2 /∆x 2 for viscous dissipation, and σD * (k x ∆x)/∆t for filtering dissipation. The transfer functions obtained in the Re350 case are given in figure 6(a) . It can be seen that the two curves intersect at k x ∆x = 1.0. Viscous dissipation is consequently more important than filtering dissipation for components discretized by more than λ x /∆x = 2π/1.0 = 6.3 points per wavelength, while shorter components are mainly damped by the relaxation filtering. Similarly, for the Re600 and Re960 case in figures in figure 6 (b) and 6(c), the viscous dissipation is dominant for components discretized by more than λ x /∆x = 5.7 points per wavelength. These results show that in the simulations, molecular viscosity provides dissipation of most of the resolved scales. Therefore, the LES are expected to reproduce Reynolds number effects in the present work. 
III.C. Flow visualization
To illustrate the fine resolution of the near-wall structures in the present LES, snapshots of the velocity fields obtained at a distance to the wall of y + = 18 are presented in figure 8 for the Re600 and Re960 cases. Figures 8(a-b) show fields of the streamwise velocity, in which the low-speed regions are in black, and the high-speed regions are in grey. No significant difference is observed between the Re600 case in figure 8(a) and the Re960 case in figure 8(b) . Both exhibit high-speed and low-speed regions elongated in the streamwise direction, which correspond to the well-known high-and low-speed near-wall streaks.
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Snapshots of wall-normal velocity are displayed in figures 8(c) and 8(d) for the Re600 and Re960 cases, respectively. In these figures, black regions correspond to fluid moving toward the wall, and grey regions correspond to fluid moving away from the wall. The velocity field exhibit a great number of structures consisting in pairs of black and gray regions elongated in the streamwise direction, which are induced by quasi-streamwise vortices. 
III.D. Mean and fluctuating velocities
The profiles of the mean streamwise velocity U + = U/u τ obtained from the Re350, Re600 and Re960 simulations are presented in figure 9 as a function of the distance to the wall y + = yu τ /ν given in logarithmic scale. The profiles are superimposed for y + < 100, where they follow similarity laws U + = f (y + ), represented by dots in the figure. The law is linear in the viscous sublayer, for y + ≤ 5, and logarithmic for 30 < y + < 100, where the mean velocity profiles follow U + = ln(y + )/κ + B with κ = 0.41 and B = 5. These values of κ and B fall within the range of values observed in numerical and experimental data. 36 For y + ≥ 100, the profiles visibly differ, which is expected because the velocity scales with outer variables in this case.
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The fluctutating streamwise velocity u + rms = u rms /u τ is represented as a function of the distance to the wall y + , given in logarithmic scale, in figure 10(a) for the Re350, Re600 and Re960 cases. The obtained profiles are very similar in the buffer region defined by 5 ≤ y + ≤ 50. The peak of rms velocity is located at y + ≈ 14.5, and slightly increases with the Reynolds number as observed, for example, in the DNS by Hu et al. 7 of channel flows at Re τ = 90 − 1440. Another change with the Reynolds number can be noted for y + ≥ 50, where the u + rms profiles present a hump which grows in magnitude and shifts toward higher values of y + when the Reynolds number increases. In 10(b), the rms velocity profiles are represented as a function of y/h. In this case, they are not superimposed in the buffer layer, whereas they almost collapse in the outer layer for y/h > 0.2. The fluctuating streamwise velocity thus seems to follow a similarity law in the outer region when a mixed scaling is used, namely u τ for the velocity scale and h for the length scale.
III.E. Comparison with DNS
The mean and fluctuating velocity profiles are compared with reference data from the literature. These data are provided by the DNS of channel flows at Re τ = 395 and 590 of Moser et al., 8 and at Re τ = 950 of del Alamo & Jiménez. 3 The mean velocity profiles obtained in the Re350 simulation and the DNS at Re τ = 395, presented in figure 11(a) , almost collapse. The streamwise, wall-normal and spanwise fluctuating velocity profiles are shown in figure 11(b) . Again, the LES and DNS results are very close, although the fluctuation levels from DNS are slightly higher than those from LES. This might be due to the small difference between the Reynolds numbers of the two simulations. The mean and fluctuating velocity profiles obtained from the Re600 simulation and the DNS at Re τ = 590 of Moser et al. 8 are represented in figure 12 . The agreement between the two simulations is excellent for the mean velocity in figure 12(a) , as well as for the fluctuating velocities in figure 12(b) . In particular, the hump of the streamwise velocity fluctuations around y + = 200, which was pointed out based on the LES results in the section III.D, also exists in the DNS results.
Finally, the mean and fluctuating velocity profiles obtained from the Re960 simulation and the DNS at Re τ = 960 of del Alamo & Jiménez 3 are given in figure 13 . Again, the LES and DNS results are in very good agreement for the mean velocity on figure 12(a) , as well as for the fluctuating velocities on figure 12(b) .
These comparisons with DNS demonstrate that the present LES are reliable and take into account Reynolds number effects both qualitatively and quantitatively.
III.F. Velocity spectra
Finally, power spectral densities φ uu of the streamwise velocity are computed in the buffer region, at a distance to the wall y + = 18, for the Re350, Re600 and Re960 cases. They are represented as a function of the spanwise wavenumber k z using normalisation by inner scales in figure 14(a) . The axes are in logarithmic scales. In the low wavenumber region, for k + z < 0.02, strong differencies are observed between the levels obtained in the different cases. This part of the spectra will be described later. For k The use of an inner normalization thus allows to superimpose the velocity spectra obtained at different Reynolds number for wavenumbers k + z ≥ 0.02. This illustrates the independance of the small structures located in the buffer region, namely the near-wall streaks, from the outer scales of the flow. Furthermore, in figure 14(a) , the spanwise scales of the most energetic components, regardless the region k figure 14(a) . In the spectrum obtained from Re960, dominant components are found for k + z = 0.003 − 0.005. Dominant components are also found in the spectrum of the Re600 case for k + z = 0.005 − 0.01, but their magnitude is two times smaller than that obtained from Re960. Finally, in the Re360 case, the spectral levels are two times smaller than those of Re600, and exhibits no significant peak. The increase of the Reynolds number thus results in the growth of the magnitude of low-wavenumber components. These amplified components seem not to scale using wall units. On the contrary, when scaled using outer units as shown on figure 14(b) , the spectra are in good agreement for spanwise wavenumbers in the range 3 ≤ k z h ≤ 6, corresponding to spanwise wavelengths 
IV. Conclusion
In this paper, large-eddy simulations of turbulent channel flows based on relaxation filtering are reported. In a first step, simulations of a channel flow at a fixed Reynolds number of Re τ = 300 are performed using different grids to study the influence of grid resolution on the results. A grid-convergence study is conducted by examining the mean and fluctuating velocity profiles. They do not vary significantly for mesh spacings equal to or smaller than ∆x + = 30, ∆y + w = 1 and ∆z + = 10. An a posteriori analysis of the results indicates that the turbulent structures are well discretized by the grids, including the coarsest ones, which may appear inconsistent with the grid-convergence study. However, an a priori analysis based on the dissipation transfer functions associated with molecular viscosity and relaxation filtering shows that in the simulations with coarser grids, in particular when ∆x + ≥ 30, a part of the resolved turbulent scales may be affected by the relaxation filtering, which is not desirable in an LES.
In a second step, the capacity of the present LES approach to capture Reynolds number effects is considered using simulations of channel flows at Re τ = 360, 600 and 960. The mean and fluctuating streamwise velocity profiles are found to agree very well with DNS results of the literature. In particular, the emergence of a hump in the outer part of the rms velocity profiles as the Reynolds number increases is well reproduced by the LES. Concerning the streamwise velocity spectra in the buffer region, their shapes change with the Reynolds number. More precisely, it is noted that the high-wavenumber components scale in inner units, whereas the low-wavenumber components scale in outer units.
The present work demonstrates that the LES method based on relaxation filtering is an interesting tool for the study of wall-bounded flows, especially at higher Reynolds numbers which are not currently reachable by DNS.
